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IN anearlierpaper (Turner, RadleyandMayneord, 1958a) it was shown that the
concentrations of naturally occurring alpha activity occurring in human bones,
derived from different parts of this country, could differ by factors of the order
of 10to 1. Later papers (Turner, Radley andMayneord, 1958b and 1961) reported
measurements of the natural alpha activities, due largely to members of the
radium series, present in a wide range of foods and drinking waters available in
Great Britain. In the present study these data have been used to compare the
mean daily intakes of radium 226 per person, from food and water respectively,
in different occupational groups as well as among the populations of a number of
regions ofthe country. It seemed possible that such comparisons would provide
an indication of the relative importance of food and water in determining the
range ofhuman boneactivities, due toradium 226, whichmightbeexpected among
the general population.
Daily intakes of alpha activityfromfood
The daily consumptions of different foods per head of population of each
occupational group and region of the country, have been derived from the
"Annual Report ofthe NationalFood Survey Committee ", issuedby the Ministry
of Agriculture, Fisheries and Food in 1958. This report gives the average con-
sumption per person, of the principal items of food by 12 occupational groups
and by the populations of 15 different regions of Great Britain. These estimates
give no indication of the range of individual variations in appetite for particular
foods, nor do the figures include foods purchased and consumed external to the
home. Nevertheless, the data provided by the Report represent the best assess-
ments at present available.
The maximum, minimum and mean values of the total alpha activity which
have been used to calculate the contribution made by each category of food are
those previously reported (Turner, Radley and Mayneord, 1958b) and are given
in Table I, expressed in micromicrocuries per 100 grams of food as purchased.
It seems improbable that all the items offood in the diet of a given individual
over a period oftime would simultaneously be either the most active or the lowest
activity specimens oftheirkind. The columns ofmaximum and minimum intakes
of alpha activity from food have been included in the various tables merely to
indicate the variations which may occur in the contributions made by the different
dietary components. In view of the seasonal variations which are known toINGESTION OF RADIUM 226
TABLE I.-Total Alpha Activity
Micromicrocuries/100 grams weight
Maximum value Minimum value
Food observed observed
Milk and cream 0'3 0.08
Cheese . . . . 1v5 . 0'90
Meat and products . 0-7 . 0'50
Fish . . . 1'3 . 0-40
Eggs . . 0'7 0'70
Fats . . . . . 060
Sugar . . 01 . 0-10
Preserves . 19 . 190
Potatoes . 0'2 0-20
Green vegetables . . . 0'2 0*20
Other vegetables . . 0'8 0-10
Fresh fruit . . 0-1 . 0'10
Other fruit .. . 11 . 010
Bread . . . 31 0'80
Flour, cakes, pastry. . 14-7 090
Biscuits 2. . . 22 . 0'40
Chocolate biscuits . . 8-0 . 1'40
Oatmeal. . . 34'6 . 1'00
Breakfast cereals . . 58'0 1'10
Cocoa and drinking chocolate . 6'7 . 6 70



























Food per head Maximum Minimum Mean
Milk and cream . . . 3 52 X 103 . 1060 282 6 70
Cheese . . . . 86'5 . 1'30 0'78 1'00
Meatandproducts . . . 975'0 . 6'80 4'87 5'85
Fish . . . . . 167-0 . 2'17 0'67 1-42
Eggs . . . . 273-0 . 191 1.91 1.91
Fats . . . . . 325-0 . 3'90 1'95 2'92
Sugar . . . . 513'0 . 0'51 0'51 0.51
Preserves . . . 110-0 . 2'09 2'09 2'09
Potatoes . . 1085'0 . 2'17 2'17 2'17
Green vegetables . . 470'0 . 0'94 0'94 0'94
Other vegetables . . . . 470'0 3'75 0-47 2'11
Fresh fruit . . . 835'0 . 0'84 0'84 0-84
Other fruit . . . 256'0 . 2'83 0'28 1'54
Bread . . . . 940.0 . 29'20 7'50 18'35
Flour, cakes, pastry. . . . 342-0 . 50'40 3'08 26-80
Biscuits . . . . . . 129'0 . 2-83 0'57 1-67
Chocolate biscuits . . . . 36.9 . 2'95 0'52 1-73
Oatmeal. . . . . . 30'7 . 10'60 0'31 5.47
Breakfast cereals . . . . 68'7 . 39'80 0*76 8'24
Cocoa and drinking chocolate . . 7'65 . 0'51 0.51 0.51
Canned soups . . . . . 59050 . 0'35 0'35 0'35
10'7 kg. 93'12
Mean daily intake = 13 3 up,c. Cereal contribution = 67 per cent.
occur in the origin and hence possible activity of certain kinds offood, the column
of mean intakes, derived from the mean alpha activity so far observed in each
category, is used throughout as the basis for comparison.
Table II gives the average per capita consumption of each class of food by
Occupational Group I (Professional), together with the corresponding intakes of
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natural alpha activity. It will be observed that the intake of natural alpha
activity is largely determined by the consumption of cereal foods, which in
this particular occupational group account for approximately 67 per cent of the
total daily intake. The contributions made by milk, meat, vegetables and fish
are 7'2, 6.3, 5-6 and 1*5 per cent respectively. With small numerical variations
this pattern consistently appears throughout all the occupational groups and
regional populations. A similar analysis has been carried out for each of the
12 occupational groups, but space limitations do not permit their presentation in
detail. Table III summarises the results obtained for the various groups.
It is surprising that the intakes of natural alpha activity in food show such
little variation throughout the entire range of occupational classes, the mean
daily intakes varying from 13-3 /,ttc (Professional) to 18-3 ,u,ac (Agricultural
Workers), with the value for All Households being estimated at 14-3 ,t,tc per day,
per person.
TABLE III.-Occupational Groups
Daily intakes from food in micromicrocuries of alpha activity per person
Category Maximum Minimum Mean
I. Professional . . . 252 4-8 . 13-3
II. Intermediate occupations . . 28-4 5-4 15-5
III. Skilled occupations
Mining manual workers . 27*7 . 5-6 15 7
Other manual workers . 26-5 . 53 . 14-6
Non-manual workers . . 25-9 . 50 . 13-9
All . . . 26-4 53 . 14- 5
IV. Partly skilled occupations
Agricultural workers . 32-9 . 59 . 18 3
Other manual workers . 27*1 5-5 145
Non-manual workers . . 26-5 . 5*3 . 14 5
All . . . . 28-6 5-6 . 16-0
V. Unskilled occupations . 26-8 . 5.7 15-2
Not gainfully occupied . . 25-7 5-2 14 4
All households . . . 2640 . 5.3 . 14*3
The explanation lies in the large contribution made by the relatively high
activity cereal foods such as bread, cakes, pastry, oatmeal and breakfast cereals,
coupled with the fact that above average consumption of one or more of these
foods is usually accompanied by lower than average intakes of the others.
Although larger variations in consumption of meat, vegetables and fish occur
among the different occupational groups, the relatively low alpha activities of
these foods result in only minor differences appearing in the total daily intakes.
The percentage contribution made by cereal foods is substantially constant
among the occupational groups and ranges from 67 per cent (Professional) to
76 per cent (Agricultural Workers), the value for All Households being 71 per
cent.
A similar analysis has been made of the daily intakes of naturally occurring
alpha activity from food in each of the 15 regions of the country, and the results
are summarised in Table IV. The regional differences in daily intake are again
small and range only from 13-3 ,u,uc in the Midland Region to 17-0 ,qtc per person
in the Rural Areas. This finding is similar to that observed for the occupational
groups and the reasons are those already stated.
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It is clear therefore, that if we consider the average amount offood consumed
per person within the home, there is no important difference between the amounts
of natural alpha activity ingested per day in the various occupational groups or
regional populations of this country. Using the mean values observed for the
activity of the various categories offood, the mean daily intake is between 14 and
15 ,/t,c of alpha activity. The cereals which dominate the total intake, have
frequently been found to contain thorium and radium in the ratio of 0-3 to 1
respectively. On this basis the amount of radium 226 ingested from food has a
mean value of approximately 2-5 ,u,tc per day (approximately 18 per cent of the
mean daily intake of alpha activity). In the case of individuals with abnormally
large appetites for cereal type foods, this figure could rise to approximately 5
a,utc of radium 226 ingested per day.
TABLE IV.-Regional Variations in Daily Intakesfrom Food
Total alpha activity
Percentage (micromicrocuries per person)
of G.B. ,
Region population Maximum Minimum Mean
Rural areas . . 5-6 . 30-7 5-6 17-0
Semi-rural areas . . . 14-6 . 28-4 5-7 15-6
South Western . . . 6-2 . 28-4 5-2 15-5
Scotltnd . 10-3 . 27-6 5-4 15-6
Northern and Ridings . 14-6 . 27-3 5-4 115-3
Eastern . . . 7-0 * 26-8 5-4 14-8
Wales . . . 5-2 . 26-7 5-6 15-0
South East and South . . . 11-3 . 26-5 5-3 14-3
North Midland . . . . 7-0 * 26-3 5-3 14-3
Other urban smaller towns . 17-8 . 26-2 5-2 14-4
Other urban larger towns . 25-0 . 25-8 5-3 14-3
North Western . . . 12-9 . 25-7 5-2 14-0
Provincial conurbations . . 20-7 . 25-3 5-3 14-0
Midland 9 . . . 9-2 . 24-2 5-2 13-3
London conurbation . . 16-4 . 23-6 5-0 13-5
All households . . . . 26-0 5-3 14-3
It is of interest to compare these values with those estimated for the popula-
tions of 4 regions ofthe United States. For this purpose the average consumption
per person of the principal items of food have been extracted from data prepared
by the U.S. Department of Agriculture, based on its 1955 Household Food Con-
sumption Survey (Radiological Health Data, 1961). In the absence of detailed
measurements ofthe mean values ofnatural alpha activity occurring in the various
categories of food in that country, the mean values for their English equivalents
listed in Table I have been used for the calculation of the regional daily intakes
given in Table V.
The regional variations in mean daily intake in the U.S.A. cover a slightly
wider range (1-5 to 1) than that observed in Table IV for Great Britain (1-3 to 1).
In the former country the mean intake of alpha activity appears to be approxi-
mately 19 /,u,c per day compared with the estimate of 14-3 ,u,uc per person per
day in this country. The corresponding figures for ingestion of radium 226 are
3-4 and 2-5 ,u,tc per day respectively, the difference being largely due to higher
consumption of cereal foods in the U.S.A. On the assumption that the alpha
activities of these foods are not very different in the two countries, there appears
to be no important difference between the mean levels ofradium 226 ingested daily
from food by the two populations.
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It will be seen from Table I that the items of food upon which the estimated
intakes of radium are based do not include nuts, although many thousands of
tons are consumed annually by the population of this country. An earlier paper
(Turner, Radley and Mayneord, 1958b) reported the relatively very high naturally
occurring alpha activities present in Brazil nuts. These activities range up to
1700#s,uc per 100 g. of kernels, the mean value so far observed being of the order of
1000,utc per 100 g., i.e. approximately 180#,qtc of radium 226 per 100 g. of shelled
nut. These relatively high values appear in this type of food regardless of the
country of origin, whether Brazil, Malaya or British Guiana. It is evident that
the consumption of 1 ounce (3 or 4 kernels) of this food per week will increase the
average intake from 2*5 to approximately 10,u,uc of radium 226 per day. People
who regularly use this particular food as a source of protein and fat in their diet,
may easily have intakes of radium 226 ranging up to 30 or 40,u,uc per day, i.e.
12 to 16 times higher than the majority of the population.
TABLE V.-Average Weekly Intakes Micromicrocuries of
Alpha Activity per Person
North East N. Central West South
Region Region Region Region
Food U.S.A. U.S.A. U.S.A. U.S.A.
Milk andcream
. 810 . 8 60 . 8.80 . 7 20
Cheese
. . 1i73 . 2-00 . 2 25 . 1.10
Meat
. . . 8540 . 9 25 . 9 20 7 05
Fish
. 1 70 . 1 32 . 1 43 . 1 62
Eggs
. . . . 2-48 . 2 77 . 3-06 2-68
Fats
. . . . 3.11 . 3-60 . 3-76 . 4-13
Sugar
. 0.39 . 0O51 . 0-48 . 0O58
Preserves
. . . 1814 . 1266 . 158 . 182
Potatoes
. . . . 1*78 . 2-00 . 1-55 . 1 42
Fresh vegetables . . 3.90 . 3-62 . 4-08 4-21
Freshfruit
. . . 1 34 . 1-49 . 1-45 . 1*07
Otherfruit
. . . 7.83 . 9-60 . 10-90 . 7.85
Bread
. . . . 13-50 . 14.30 . 13-70 . 9*60
Flour,cakes,pastry 2840 . 48 70 . 53-50 . 89-70
Biscuits
. . . 4405 . 3 70 . 3-46 . 2.94
Breakfast cereals
. . 13-55 . 15-20 . 15 20 . 10-30
Canned soups
. . . 0-65 . 0 68 . 0 92 . 0 30
Drinking chocolate
. . 0*93 . 0-93 . 0 62 . 0-62
Peanut butter
. . . 240 . 2X40 . 2-64 . 1)87
105 40 132 33 138-58 156 06
Average daily intake. . 15-0 ,UC . 1859,s,*c . 198 ,U,UC . 22 3 ,,uc
Cereal contribution
. . 57% . 62% . 62% . 72%
Daily intakes of alpha activity from drinking water
The drinkingwaters available in Great Britain comprise more than 1000 separate
supplies derived from surface drainage or from underground boreholes in different
geological strata. The natural alpha activity of the majority of these waters
has so far not been measured; however, a previous paper (Turner, Radley and
Mayneord, 1961) reported the values observed in 71 of the principal supplies
and since that date a further 30 have been investigated. The population deriving
their drinking water from these measured sources totals approximately 10 millions,
but the supplies were initially chosen to be as representative as possible ofthe water
available to the country as a whole. The pattern of distribution of natural
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alpha activity in drinking water which emerged from these studies, leaves little
doubt that the data include the highest and the lowest activity waters available
for public consumption in this country. The highest natural activities are found
in the water supplies of Cornwall and probably result from the known presence
of deposits of uranium and radium in that county. With these exceptions, the
alpha activities found in drinking waters in Great Britain appear to be broadly
related to their contents of mineral matter. The softer waters derived from
surface drainage usually possess low levels of natural activity, while those with
higher mineral contents and originating from underground boreholes tend to
have correspondingly higher activity.
Very few drinking waters in this country were found to contain measurable
amounts of alpha activity due to the presence of long lived members of the
thorium series. In the case ofwaters therefore, their contents of radium 226 may
be regarded as being approximately equal to i of their observed alpha activities.
Using all the available measurements and the known number of consumers of
each ofthe principal water supplies and bearing in mind the source, hardness and
size of population served by the remainder, it is possible to make an estimate
ofthe mean radium 226 content ofthe drinking water available in any particular
region. The radium content of each water supply in a region has been weighted
with the number of consumers, derived from the Water Engineer's Handbook
(1959), and an overall weighted mean value calculated for the level ofradium 226
present in the drinking water ofthat region.
A similar procedure was adopted in a recent paper (Turner, 1962) in order to
compare mortality rates, from cancer ofdifferent sites as well as from a number of
other diseases, in counties and county boroughs having widely different mean
values of natural alpha activity due to radium 226 in their drinking waters.
Table VI gives the estimated daily intakes of radium 226 resulting from in-
gestion of 2 litres of drinking water per day in a number of different regions.
The intakes in columns 3 and 4 are derived by using the highest and lowest values
of water activity, respectively, which have been observed in each region. The
mean daily intakes given in column 5 are based on the use of the weighted mean
activity calculated for the drinking water in each area. The mean figure given
for All Regions has been obtained by weighting the mean intakes of column 5
with the number ofconsumers in each region. For comparison purposes the mean
daily intakes per person from food are given in column 2.
TABLE VI.-Estimated Daily Intakes ofRadium 226
Daily intakes of radium 226
Mean daily intake from water
of radium 226
from food Maximum Minimum Mean
Region (.uPc) (2u,uc) (,uFuc) (Puc)
South West. . . . 2j82 . 4 90 006 0-28
London conurbation . . 2-46 . 0-61 021 0-25
Midland . . . 2-42 1 14 004 0*24
Wales. . . . 2*73 . 031 0-02 016
South East and South 2-6O 0-29 006 0 11
North Western . . 2-55 050 0-02 006
Scotland . . . 2.84 . 0-07 0 03 0 05
NorthernandRidings . 2.78 . 0.10 0 05 0 05
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It will be seen that the possible daily intakes of radium 226 from drinking
waters in Great Britain cover a wide range of almost 250 to 1. The mean dailv
intakes in the various regions differ by factors of up to 6 to 1, compared with the
small fractional differences existing between the mean daily intakes from food.
On the other hand, if we compare the figures for All Regions, the mean daily
intake of radium 226 from food is almost 20 times higher than that from drinking
water. Only in the case of the most active drinking waters in parts of the South
West Region does it seem possible for the daily contribution from water to exceed
the mean daily intake from food.
DISCUSSION
Until comparatively recent times it was thought that the radium known to be
present in the human body resulted from lifelong ingestion of minute amounts
ofradium 226 in drinking water. Little attention had been given to the measure-
ment of the naturally occurring radioactivity present in foods and these were not
regarded as contributing significantly to the body burden of radium. While
this could still be true in special areas of the world where the drinking waters
contain relatively very high levels of radium 226, the data presented in this paper
leave little doubt that in Great Britain at least, the total amount of radium in-
gested daily per head ofpopulation is very largely determined by the contribution
made by food.
Among the various Occupational Groups as well as in the populations of
different regions of this country, the mean intake of radium 226 from food is
remarkably constant at a value between 2 and 3 jqtc per person per day, with the
cereal type foods themselves contributing 60 to 70 per cent of this intake. It
seems unlikely that individual variations in appetite for the particular cereal
foods having relatively high contents of radium 226, could extend this range of
daily intakes by more than a factor of 2. We may therefore regard the
intake of radium 226 from food by the general population of this country as being
between 2 and 5 ,u,tc per day.
Although the drinking waters available in Britain have radium contents
differing by factors of almost 250 to 1, the absolute values of these activities are
so low relative to those possessed by common foods, that the mean daily intake
ofradium 226 from water represents only 5 or 6 per cent ofthe mean total amount
of radium ingested by the population each day. The one exception exists in
the county of Cornwall, where it would evidently be possible for approximately
twice as much radium 226 to be ingested per person each day from drinking water
as from foods.
The body must evidently be able to retain and utilise some fraction of the
radium 226 ingested in food, but little data exist regarding the magnitude of this
fractional retention, its variation with age of the subject or its dependence on the
presence of other substances in the diet. A similar lack of knowledge exists
concerning the fraction which may be retained by the body when the radium 226
is ingested in water. The work of Hursh and Gates (1950), Hursh (1954) and of
Stehney and Lucas (1955) in the United States, support the view that food makes
an important contribution to the body burden of radium, even when the dailv
intake of radium from water is several times greater than that from food.
Radley (1961) in an analysis of their data, suggests that during the first twentv
or so years of life, food and water are likely to be of the same order of importance
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in determining the body burden, if approximately equal amounts of radium are
being ingested from the two sources. If we assume that the fractional retentions
from food and water respectively are approximately the same, we might expect
that the radium burdens of the great majority of the population of this country
would be determined almost entirely by their individual dietary patterns, with
drinking water making a very small contribution except in parts of Cornwall.
The small numerical differences between the mean amounts of radium ingested
daily in food by the various occupational groups and regional populations, would
then suggest that the range of radium burdens to be expected in the general
population might not exceed 3 or 4 to 1. The upper limit would be expected
in individuals having the highest intakes of cereal foods and living in areas with
the highest activity drinking waters. Table VI indicates that in this group of
people the total intake of radium 226 from food and water is approximately 10 ,u,uc per person per day. The lower limit of radium burden would then be repre-
sented by individuals having an average or low consumption of cereals, living in
areas with the lowest activity drinking water. The total intake of radium 226
from food and water in this group would be approximately 2-5 ,u,uc per person per
day.
It is worthy of note that in an earlier paper (Turner, Radley and Mayneord,
1958a) the radium contents of human bones derived from different parts of the
country were found to differ by factors of up to 10 to 1, the majority of the values
lying within a range of approximately 4 to 1. The highest activities were observed
in specimens derived from Cornwall and this fact appears to be indicative of the
greater contribution made by drinking waters in that region.
A recent paper (Turner, 1962) compared the mortality rates for a number of
diseases including cancer of different sites, in regions of the country where the
drinking waters have widely different natural activities due to radium 226. No
evidence could be found of any increased mortality rates among the populations
whose drinking waters contained the highest levels of radium. This is not
altogether surprising when we consider that among the majority of the population
of the country, the contribution made by water represents only a small fraction
of the amount of radium ingested in food by each individual.
A discussion of the ingestion of radium from food and water by the population
of Great Britain would not be complete without considering a further possibility
which might result in anomalously high burdens of radium being observed in
particular individuals. No data exist regarding the quantities of Brazil nuts
regularly consumed by different individuals, but it seems not unlikely that this
more exotic food may be eaten in relatively large amounts by a comparatively
small fraction of the adult population. Many thousands of tons of these particu-
lar nuts are imported into this country each year and are presumably consumed
by the population. Information supplied by the Ministry of Agriculture,
Fisheries and Food, show that in a recent year 12,000 tons were imported in
shell together with 2,500 tons without shell. If the shell and the kernel are
approximately equal in weight, this is equivalent to 8,500 tons of kernels consumed
each year. This figure corresponds to approximately 8 g. (1 kernel) only per week
per head of the adult population, whereas it is known that certain individuals
regularly consume 200-300 g. of this food each week and have done so for many
years. If we assume that the total amount of these nuts imported each year is
consumed by 10 per cent of the adult population, say 2 million people, then their
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average consumption would be approximately 12 g. per head per day, i.e. 22
,uuc ofradium 226 per day. This particular section ofthe population would have
a mean intake of 25 ,u,uc of radium 226 per day, of which 22 #/zc would be con-
tributed by this single item of food. In other words, 10 per cent of the adult
population may be ingesting approximately 10 times as much radium in food each
day as the remainder ofthe community. In their case, the contribution made by
drinkingwaterwouldbelessthan 1 per centofthedaily intake ofradium. Human
metabolic experiments (Mayneord, 1960) have so far failed to establish the fraction
of the radium present in this particular food which may be retained and utilised
by the body. In the eventuality that the fractional retention is of the same
order of magnitude as for the radium present in the staple diet, it might be
expected that the highest skeletal burdens of radium 226, in a population not
exposed occupationally to the ingestion ofradium, should be found in individuals
having the greatest partiality for this particular food.
SUMMARY
Estimates have been made of the average amounts of radium ingested daily
in food by individuals belonging to different occupational categories or living in
different regions of the country. These estimates show remarkably little varia-
tion, the average intake ofradium 226 being approximately 2-3 micromicrocuries
per person per day.
The daily intakes of radium from drinking water by individuals in different
regions have been compared and although these intakes can vary by factors of up
to 250 to 1, the absolute amounts of radium 226 are so small that in most areas
of the country, the contribution made by water represents only 5 or 6 per cent of
that made by food. Only in the case ofparts of Cornwall does it appear possible
for an individual's daily intake of radium from water to exceed that from food.
On the assumption that the body may retain approximately equal fractions
of the radium ingested in food and water respectively, these findings suggest that
the radium burdens ofthe general population might not cover a wider range than
3 or 4 to 1. Anomalous burdens, higher by an order of magnitude, might how-
ever result from long term ingestion of one particular food.
The author would like to express his gratitude to Professor W. V. Mayneord,
the Director of this Department, for many helpful discussions and criticisms.
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